Objectives: This study descriptively examined acute and longer term direct medical costs associated with a major cardiovascular (CV) event among high-risk coronary heart disease risk-equivalent (CHD-RE) patients. It also gives a firsthand look at fatal versus nonfatal CV events. Results: In total, 38,609 CHD-RE patients were included, mean age 57 years, 31% female. CABG, myocardial infarction, and percutaneous coronary intervention were the most frequent and most expensive first CV events, accounting for .75% of all first CV events with mean first quarter costs ranging from $17,454 (nonfatal transient ischemic attack) to $125,690 (fatal CABG). Overall, 15% of those with a first CV event went on to have a second event during the 36-month study period with mean first quarter nonfatal and fatal costs similar to first event levels. Third CV events were rare, happening in less than 3% of patients. Conclusion: CV events among CHD-RE patients were costly regardless of sequence, averaging $47,433 in the first 90 days following an event and remaining high, never returning to preevent levels. When fatal, first CV event costs were 1.2 to 2.9 times higher than when nonfatal.
Introduction
Cardiovascular disease (CVD) is the leading cause of death in the US (32.3% of deaths in 2009) and accounts for 17% of national health expenditures. 1, 2 Coronary heart disease (CHD) is one of the main manifestations of CVD. In 2011, there were approximately 26.5 million adults diagnosed with heart disease in the US. 3 Almost half of adults in the US (47%) had at least one of the main risk factors for CVD in 2009-2010: uncontrolled high blood pressure, uncontrolled high low-density lipoproteins (LDL) cholesterol, or smoking. 4 Individuals with clinical CHD, peripheral arterial disease (PAD), abdominal aortic aneurysm (AAA), or diabetes in conjunction with uncontrolled high LDL cholesterol are considered CHD events risk-equivalent (CHD-RE) patients submit your manuscript | www.dovepress.com
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Bonafede et al according to the Adult Treatment Pathways III guidelines. 5 CHD-RE patients are at increased risk for acute CV events, including myocardial infarction (MI), heart failure, unstable angina (UA), angina pectoris, other ischemic heart disease, ischemic stroke, or transient ischemic attack (TIA). Each year, approximately 620,000 American men and women have their first coronary event (eg, MI), and an additional 295,000 have a recurrent event. 5, 6 Given the high prevalence of risk factors, CVD, and CVD events in the US population, the associated costs are substantial. In 2010, the estimated direct medical costs and indirect costs of CVD were estimated to be $273 billion and $172 billion, respectively. 2 By 2030, direct medical costs are predicted to increase multiplicatively to $818 billion. 2 In a recent study of the costs of specific CV events, mean index hospitalization cost of a CV event (heart failure, MI, UA, angina pectoris, other ischemic heart disease, ischemic stroke, TIAs, and PAD) ranged from $6,447 for TIA to $33,207 for coronary artery bypass graft (CABG). In the following year, the average total cost across all CV events was $16,582 compared to a mean cost of $2,790 for matched controls during the same time period. 7 In a case-control cost estimation study of CV event, costs attributed to MI (ie, costs for cases with an MI minus costs for controls) in the month of the event were $34,200, and at 12 months, the cumulative cost differential was $55,600. 8 The high acute costs of CV events are well established. The economic burden of longer term costs and fatal costs, as well as costs of subsequent events, have not been thoroughly examined among those patients at high risk. The objective of this study was to update the existing literature with more recent cost estimates associated with incident acute CV events, to fill current gaps by describing the cost of subsequent CV events, and to describe the costs associated with fatal (versus nonfatal) CV events among high-risk CHD-RE patients.
Patients and methods study design
This was a retrospective cohort analysis of adult commercially insured patients with a diagnosis of hyperlipidemia or use of a lipid-lowering therapy. These high-risk CHD patients were also required to have a preindex diagnosis of PAD, AAA, coronary artery disease (CAD), or diabetes. Patients were classified according to their index (incident) CV event: MI, ischemic stroke (stroke), UA, TIA, CABG, or percutaneous coronary intervention (PCI). Multiple events within the same hospitalization (index or otherwise) were classified according to the following hierarchy: MI, stroke, UA, TIA, heart failure PCI, and CABG. That is, if a patient had both MI and UA in one hospitalization, the CV event was classified as an MI event. If a patient had both MI and CABG, then it was classified as an MI event. Direct medical costs and incremental costs were reported for each quarter following a CV event, for up to 36 months after the first (or subsequent) CV event. Incremental costs were calculated using each patient's baseline costs as the comparator using the entire 18-month preindex period to calculate an average cost per day. The baseline cost used in the incremental cost calculation was calculated using the same number of days of follow-up. Stated otherwise, if a patient only had 63 days of follow-up in a reporting quarter, the baseline cost would be calculated as average cost per day multiplied by 63. A subset analysis of fatal versus nonfatal events was conducted.
Data source
Claims data from the Truven Health Analytics MarketScan ® Commercial Claims and Encounters Database and the Mortality Database between January 1, 2006, and December 31, 2012, were utilized for this study. The MarketScan Commercial Claims and Encounters Database contains the annual data of inpatient, outpatient, and outpatient prescription drug experience of several million employees and their dependents, covered under a variety of fee-for-service and managed care health plans, including exclusive provider organizations, preferred provider organizations, point of service plans, indemnity plans, and health maintenance organizations. The MarketScan Mortality Database integrates death information, which is purchased from the Social Security Administration, with the enrollment and claims data for a subset of individuals who are found in the MarketScan Commercial Claims and Encounters population. This subset consists of individuals for whom a death could be ascertained including the month and year of death.
subject selection
Nonelderly adult patients aged 18-64 years were required to have a diagnosis of hyperlipidemia or lipid-lowering therapy use in addition to a diagnosis for CAD, PAD, AAA, or diabetes (Adult Treatment Pathways III guidelines definition of CHD-RE) in the 18 months prior to one of the following inpatient CV events: MI, stroke, UA, TIA, or a PCI or CABG procedure. The entire study period spanned from 
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Costs associated with cardiovascular events among ChD-RE patients follow-up for the assessment of outcomes. A subset analysis was conducted with patients with data linkable to the Social Security Administration Master Death File. Patients with any CV events (including heart failure) in the18-month preindex period were excluded because the study is designed to evaluate incident CV events with sufficient baseline data available.
Outcome measures
The key outcome measures were all-cause quarterly costs (including inpatient, outpatient hospital, emergency room, outpatient office, other outpatient services, and outpatient pharmacy) calculated after each CV event(s) (first, second, and third). Baseline costs were calculated as the all-cause average costs per quarter. Postindex costs were calculated as the total all-cause costs postindex, by quarter. Incremental costs were calculated for each quarter in the postindex as the difference between the total quarterly cost and the patient's quarterly baseline cost. An estimate of first-year costs was calculated by summing the first four quarters of incremental cost. All costs were adjusted to 2013 US$ using the medical care services component of the Consumer Price Index. 9 analysis Baseline demographic characteristics, including age, sex, urban versus rural residence, geographic region, and insurance plan type were assessed for each patient. Comorbid burden at baseline was measured by the Deyo-Charlson Comorbidity Index and presence of the following specific conditions: hypertension, dyslipidemia, respiratory disease, renal disease, and arthritis. CV event sequencing was presented as the proportion of patients with second and third events along with the type of event during the 3-year postindex study period. Baseline, postindex, and incremental cost were calculated for each of the 12 quarters following the index event for all first, second, and third events by index CV event type and cohort.
A separate analysis of fatal and nonfatal CV event costs was conducted among the subset of patients with available mortality data. Statistical analysis was performed using generalized linear models with gamma-distributed error and log link. First CV event costs were adjusted for the following demographic and clinical characteristics measured at index and in the 18-month preindex period, respectively: age, sex, region, urban versus rural residence, insurance plan type, preperiod expenditures, Deyo-Charlson Comorbidity Index, arthritis, cancer, diabetes, dyslipidemia, hypertension, osteoporosis, renal disease, and respiratory disease.
Results
A total of 38,609 CHD-RE patients met the patient selection criteria, mean age 57.0 years (standard deviation [SD] 6.0) and 31% female. Most patients (79%) lived in urban areas in the South (44%) or North Central (28%) region of the US, which is reflective of the study data source. The three most commonly held health insurance plans were exclusive or preferred provider organization at 57%, health maintenance organization at 16%, and point of service at 11% (Table 1) . Diabetes was the most prevalent risk-equivalent diagnosis among the CHD-RE patients (84%), while AAA was the least prevalent (2.5%). Less than one in five had PAD (17%) or CAD (13%). The overall mean Deyo-Charlson Comorbidity Index was 2.0 (SD 1.6). Two-thirds of patients had baseline hypertension, 59% had baseline dyslipidemia, and 45% had baseline respiratory disease. Approximately 17% of patients had evidence of arthritis and another 16% had evidence of renal disease in the 18 months prior to their first CV event.
Overall, 90% of the study sample had evidence of baseline statin use (Table 1) .
The most common first CV event was PCI (31%) followed by MI (26%), CABG (20%), stroke (14%), TIA (7%), and UA (2%) (Figure 1 ). The four most frequently occurring first CV events were also the most expensive. Mean first quarter (Q1) nonfatal direct costs were $77,701 (SD 55,845) for CABG followed by $47,869 (SD 53, 193) differed by index CV event. Second CV events were seen most frequently among patients with a first event MI or UA (21%) and less frequently for those whose first event was TIA (10%). The proportion of patients with first event stroke and revascularization (CABG and PCI) who had a second event was closer to the mean at 15% and 12%, respectively. The type of second CV event also differed by index CV event, but for the majority, were the same type as the first. For example, of the patients whose index CV event was MI and had a second CV event, .50% had a second MI, whereas of the patients whose index CV event was stroke and who had a second CV event, two-thirds had a second stroke. Third CV events were uncommon, happening in less than 3% of patients ( Figure 2 ). Despite these differences, for the majority of CV events, the sequence of the event had little bearing on the overall cost. The only notable exception was CABG, where the cost increased considerably as a second and third event compared to cost as a first event. Among those with a second or third event, the proportion of those with heart failure was extremely rare (0.3% as a second event and 0.2% as a third event); therefore, the cost fluctuation is not unexpected (Figure 3 and Table 3 ). Estimated 1-year mean direct costs were greatest for CABG as the first CV event (without a subsequent CV event) at $79,253, followed by MI at $52,485, stroke at $44,007, and PCI at $41,146. UA and TIA estimated costs were considerably lower at $21,956 and $18,672, respectively (data not shown). Notes: *indicates a sample size of 50. Heart failure could only be a second or third event among the study population; therefore, costs for heart failure as a first event are not included in the figure. Abbreviations: CV, cardiovascular; Mi, myocardial infarction; Ua, unstable angina; Tia, transient ischemic attack; CaBg, coronary artery bypass graft; PCi, percutaneous coronary intervention; hF, heart failure.
For all first CV events, mean direct costs were highest in the acute timeframe, dropped in the Q2, and most essentially flattened by the Q3 but remained consistently higher than baseline for the entire 36-month follow-up period. TIA and UA were exceptions to the rule. Mean quarterly direct costs for TIA were found to be similar to the majority until the middle of the second year (Q7), when costs started a rise-and-fall pattern, which lasted throughout the end of the third year (Q12). Mean quarterly direct costs for UA never settled, rising and falling and actually peaking at the end of the third year to a level submit your manuscript | www.dovepress.com
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Bonafede et al slightly higher than the initial Q2 drop level. It is important to note that common among all first CV events, mean quarterly direct costs never went back to pre-CV event levels during the 36 months after the first CV event (Figure 4) .
Over two-fifths of the study sample (n=16,321) had mortality data available. Fatal CV events, though uncommon in Notes: Incremental acute costs were calculated as the difference between the first quarter total postindex cost and the patient's quarterly baseline cost. all currency is UsD. Abbreviations: CV, cardiovascular; ChD-RE, coronary heart disease risk equivalent; sD, standard deviation; CaBg, coronary artery bypass graft; PCi, percutaneous coronary intervention.
this study population (2% as a first event, 2% and 3% as second and third events, respectively), were much more costly than nonfatal-like CV events and there was considerable variation by type of fatal event. Patients with first event stroke and MI were more likely to have a fatal event than those with UA, TIA, or a revascularization (4%, 3%, and 1%, respectively). The adjusted costs of a fatal MI event were 1.2 times that of a nonfatal MI first event, whereas costs of a fatal first event UA were 2.9 times that of a nonfatal UA. Costs attributed to CABG and PCI as a fatal event were 1.6 and 1.7 times that of a nonfatal first event, respectively (Table 4) .
Discussion
To our knowledge, this is the first study to describe fatal costs of commercially insured nonelderly, high-risk CHD-RE patients. Additionally, this study contributes to the existing literature with more recent acute CV event and subsequent CV event costs and an update on longer term cost estimates. The current study found that the costs of CV events were similar within each event type (MI, stroke, UA, heart failure, TIA) regardless of the event sequence. For example, as a first, second or third event, acute MI costs ranged from $43,525 to $46,484, suggesting that the type of event is a stronger driver of event costs than the number or sequence of CV events. Fatal first CV events were associated with significantly higher costs than nonfatal first CV events, ranging from 1.2 to 2.9 times higher (approximately $9,000-$53,000) depending on the event type. CABG was common in this sample, potentially making it a significant driver of total CV event costs. Reynolds et al, in a cost and outcomes study of revascularization procedures, reported that 4.5% had a repeat CABG, 4% had an MI after revascularization, and 3% of patients died within a 3-year follow-up period. 10 These results were comparable to the present study, where 4.2% of patients had a repeat CABG procedure and 2% had an MI in the 3-year follow-up period. Mortality results for the 3 years following a CABG procedure in the current study were lower than the 3-year results reported by Reynolds et al, with only 1% of patients dying following a CABG revascularization procedure.
Overall, mortality rates following an acute CV event ranged from 1% to 4% in the 3 months following the acute event. The proportion of CHD-RE patients who died in the Q1 was 3% for those with an MI index event and 1% for those with an UA index event. This is in alignment with previous estimates of CV event mortality. Etemad and McCollam, in a cost study of acute coronary syndrome (ACS) in a managed care population, reported that 3.6% of patients died during the 1-year follow-up Figure 4 Quarterly CV event costs through year three as a proportion of first quarter costs by index CV event.
Abbreviations: CV, cardiovascular; Mi, myocardial infarction; Ua, unstable angina; Tia, transient ischemic attack; CaBg, coronary artery bypass graft; PCi, percutaneous coronary intervention; Q1, first quarter; Q2, second quarter; Q3, third quarter; Q4, fourth quarter; Q5, fifth quarter; Q6, sixth quarter; Q7, seventh quarter; Q8, eighth quarter; Q9, ninth quarter; Q10, tenth quarter; Q11, eleventh quarter; Q12, twelfth quarter.
period. 11 ACS patients are comparable to those with MI or UA in the present study. An earlier study of ACS patients reported similar mortality findings; 2.3% of UA patients and 5.6% of MI patients died within 1 month of the event. 12 Although 18% of patients in this population had a subsequent event and the presence of second or third events was more common among patients with MI, UA, or stroke as a first event, overall, the proportion of patients with subsequent events was lower than previously reported. In a cost study of ischemic stroke patients from January 2002 through December 2003, Engel-Nitz et al reported that over a third of patients had a subsequent hospitalization and the majority of those were for recurrent stroke and/or TIA. 13 This proportion of patients with subsequent stroke and/or TIA was significantly higher than the proportion found in the current study where only 18.5% of patients with an index stroke event had a subsequent CV event. The drop in the proportion of patients with subsequent events and the lower CABG mortality rates in the current study could be further evidence that better treatment (both pharmacological and interventional) is improving mortality and outcomes in this high-risk patient group. 14 Despite improving mortality and outcome trends, index hospitalization costs for acute and subsequent events remain high and are higher than medical costs reported in some earlier studies. For example, in their study of administrative claims from a large US managed care plan, Engel-Nitz et al reported index hospitalization costs for stroke patients, which were significantly less than comparable costs in the current study ($15,634 vs $34,158). 13 In part, this may be due to general health care cost inflation over the past 10 years, but it also may be indicative of the higher cost to treat these high-risk patients. Consistent with the findings using administrative claims data from both Chapman et al and O'Sullivan et al, CV event costs varied widely between CV event types. 7, 8 As expected, and as is consistent with other published studies, acute CV event costs are significantly higher among CHD-RE patients than among those patients not meeting this criteria. 7, 8 One-year cost estimates were comparable to the literature. For example, Ward et al, in a recent study of the cost of complications among diabetes patients assessed from the perspective of a comprehensive US health care payer, reported 1-year mean direct medical costs for MI ($56,445) and stroke ($42,119). 15 Their reported 1-year costs (based on a combination of actual and estimated costs) were very similar to the incremental 1-year costs for first MI ($52,485) and stroke submit your manuscript | www.dovepress.com
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Bonafede et al ($44,007) events among CHD-RE patients. Although not all patients in the CHD-RE cohort had diabetes, 84% of patients were diagnosed with diabetes prior to their index CV event, so this group has clinical characteristics similar to the patients examined by Ward et al. In study of ACS patients in the Medicare population, mean costs in the first year following the event were $50,458, which are also comparable to the first-year costs for CHD-RE patients following MI ($52,485) in this commercially insured population. 16 The limitations of this study include those inherent in any retrospective analysis. First, this study was limited to nonelderly individuals with commercial health coverage. Consequently, results of this analysis may not be generalizable to patients with Medicare, other insurance, or without health insurance. Second, the potential for misclassification of risk cohorts, covariates, or study outcomes is present as patients were identified through administrative claims data as opposed to medical records. As with any claims databases, the MarketScan Research Databases rely on administrative claims data for clinical detail. These data are subject to data coding limitations and data entry error. Third, study design dictated that patients had to have either a diagnosis of hyperlipidemia or statin use in the baseline; therefore, the intensity of statin therapy at 90% is not comparable to other claims-based studies that did not require baseline statin use or population-based statin use, which is estimated at 48.1%. 17 Fourth, because the associated laboratory data were not available for the full study cohort, this study is not able to ascertain how successful statin treatment was at getting LDL to goals. Fifth, the ability to distinguish event types was limited to International Classification of Diseases, Ninth Revision, Clinical Modification coding, which was used for event type assignment. Sixth, patients were followed for a maximum of 36 months after their first CV event; therefore, the analysis does not capture subsequent CV events or associated costs beyond 36 months. Finally, costs in this study were limited to direct medical costs only. Indirect costs, due to absenteeism and short-and long-term disability leave, are likely to be high in this population.
Conclusion
While advances in pharmacological and interventional treatments have reduced CV event risk, economic burden of CVD among high-risk patients is substantial, both in the acute phase as well as over the longer term, with baseline costs never returning to pre-CV event levels. Though uncommon, fatal CV events have substantially higher costs than nonfatal events. Future research in this important area should focus on treatments that may further reduce LDL cholesterol in high- 
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